Abstract: This paper attempts to make an assessment and policy recommendation for the Indian perspective through a cross-national review of current practice and policy. It also addresses in a transition economy with some reference to policies and practices in other transition economies. It has been shown that existing Hazardous Waste Rules could overturn the necessity of a separate national legislation dealing with e-waste alone after it is being configured to accommodate e-waste for its management in India. The regulatory approach proposed could serve as a model or at least a starting point for other transition countries that may not be so far along as India with respect to management of e-waste.
Introduction
The improvements in technology have made electrical and electronic products available within the reach of more and more consumers. However, this rapid improvement produces growing volumes of obsolete products to be managed as waste. The use of electronic devices, for example, has proliferated in recent decades, and proportionately, the quantity of such devices, viz., PCs, mobile telephones and entertainment electronics that are disposed of, is growing rapidly throughout the world. Obsolete computers that are still in working condition are often consigned to spare offices or basements, where they may occasionally be used, but more likely will sit unused for months or years. Such waste is, thus, emerging as a potential risk to the environment.
A flurry of research has been undertaken on the hazards of e-waste, while literature resembling to the present paper is beginning to develop. It is imperative to focus on the problem associated with the e-waste prior to its regulatory aspects being discussed. In the light of this, the existing literature on the hazards of e-waste has been reviewed and is being briefly presented here. Platt and Hyde (1997) reported that about 60 million computers were released into the market, while over 12 million computers were disposed of in the USA annually. Only 10% (ca) of these were remanufactured or recycled. The National Safety Council undertook the first major effort to develop a quantitative database on electronic product recycling. It was also reported that the average lifespan of personal computers would be only 2.4 years in 2002 and 55.4 million PCs were expected to become obsolete in that year (National Safety Council, 1999) . Thus, there would be 3.878 billion pounds of obsolete PCs, assuming an average weight of a PC to be 70 pounds, added to the waste stream necessary to be managed in 2002. By 2004, there would be more than 315 million systems ready for disposal as opposed to 21 million obsolete systems in 1998 (Bertagnoli, 2000) . According to another estimate, about 500 million computers will be rendered obsolete by 2007 in the USA alone (Hamilton, 2001) . Cumulatively, about 500 million PCs reached the end of their service lives between 1994 and 2003. Five hundred million PCs contain approximately 2,872,000 t of plastics, 718,000 t of lead, 1363 t of cadmium and 287 t of mercury (Puckett and Smith, 2002) . This may also contain 861 t of hexavalent chromium (SVTC, 2002) . In the year 1988 the amount of electronic equipment reaching EOL measures 6 million t and is expected to double in 2010 (Appelbaum, 2002) . Besides computers, there are other equipments that contribute significantly to the volume of WEEE. It was estimated that approximately 130 million mobile phones would be discarded in 2005. The situation is similar for all kinds of portable electronic devices such as Personal Digital Assistants (PDAs) often known as Pocket Computers or Palmtop Computers, MP3 players (MP3 is short form of MPEG audio layer 3; MPEG stands for 'Moving Picture Experts Group' a consortium that develops audio and video compression standards (Snopes, 2007) ), computer games and peripherals (O'Connell, 2002) .
India is the second most populous country in the world, with over 1 billion people (World Bank, 2004) , and is one of the fastest growing economies of the world. The domestic demand for consumer durables has been escalating. The rise in the sales of domestic household appliances (both large and small) was 53.1% between 1998 and 2002 (Euromonitor, 2004) . This could be attributed from the per capita growth in PC ownership in India which was 604% compared to a world average of 181% between 1993 and 2000, resulting in an estimated growth of total PCs during this period from 450,000 to 4,200,000 (WITSA, 2002) . Agarwal et al. (2003) reported that the obsolescence rate of PCs in India by business and individual households was 1.38 million per year approximately. A field study revealed (EMPA, 2004a ) that the computers coming into the recycling market in India were older versions than those in Switzerland. This may be attributed to the fact that the useful life of a computer is much longer in India than in Switzerland. In addition to post-consumer e-waste, discarded off-spec components contribute significantly to the waste stream.
In addition, Hilty et al. (2005) reported that the miniaturisation of electronic devices posed another problem. For instance, the considerable reduction in the average physical mass of a mobile phone from over 350 g (1990) to about 80 g (2005) , corresponding to a reduction by a factor of 4.4, was accompanied by an increase in the number of consumers, which, in turn, led to a rise of the total mass flow by a factor of 8.0, resulting in the probability of growing volumes of waste that these devices would generate. IBM, on the other hand, estimated that about 1 billion (10 9 ) people would use more than a trillion (10 12 ) networked objects all around the globe between 2005 and 2010. Clearly, this demonstrated that there would be about 1000 'smart objects' per capita in the richer part of the world, which also indicated that the flow of e-waste amounts to 10 kg/capita/annum, assuming an average mass of an electronic component used to make an object 'smart', was about 10 g for a service period of about 1 year. Similarly, one of the classical examples of modern technology is the 'intelligent wall paint' that uses very small processors known as 'e-grain'. The e-grain is intended to convert walls into large-scale displays. As a result a room having its walls turned into such displays would virtually become a distributed computer. Ostensibly, nickel is used as the chief component of e-grains and it was estimated that more than 40% of the world's annual nickel production (1.2 million t in 2000) would be consumed if it was continued to be used to produce the wall paint . It clearly indicates that the availability of such an exotic resource could restrict the development of future electronics production.
With obsolescence rates on the rise (Blumberg, 1999) , an important question that remains to be answered is: What can be done to these EOL computers, as also other electronic products, both from the economical and environmental points of view. Due to shortening of product life cycles, for products like consumer electronics, the recovery of value from these consumer goods, after use, is becoming a necessity (Hillegersberg et al., 2001) . For instance, Hilty (2005) reported that a PC may contain up to 4 g of gold and other valuable materials that can be recovered at a profit, particularly if the work is done in low-income countries. Several alternatives exist for disposing these EOL computers (Jacoby et al., 1977) . Rogers and Tibben-Lembke (1998) reported that the landfill capacities remaining in 29 states in USA were 10 years or more, in 15 states were between 5 and 10 years and in 6 states were less than 5 years. The quantum of WEEE generated constitutes one of the fastest growing waste fractions, accounting for 8% of all municipal waste (The Economist, 2005) . In another estimate, around 6 million t of WEEE was generated in 1998 in the EU15 (the 15 countries constituting the EU before May 2004), the vast majority of which (90%) ended up in landfill dumps (EurActiv, 2006) . Land filling without precautionary measures allows the substances that WEEE contains to make their way into soil and water, while burning and treatment following primitive technology spreads toxins into the air where they pose severe risks to human health (SVTC, 2004) . Perhaps due to these reasons disposal through landfill may not be a viable solution to the problem. Owing to these emerging problems associated with the land filling, e-waste has been a land banned waste in the states of USA like Massachusetts, Minnesota and Wisconsin (Stough and Benson, 2000) .
Besides the nation-specific problem of e-waste, the cross-country diffusion of such wastes by trading is wrecking another environmental havoc with many international uncertainties and disputes. The transboundary movement of e-waste is controlled by the Basel Convention (UNEP, 1989) , as it contains hazardous components under the List A of Annex VIII of the Convention. Apart from the USA, Afghanistan and Haiti, all the 164 signatory countries have ratified the convention. Furthermore, amendment to the Basel Convention has been proposed for prohibiting export of hazardous wastes from Organisation for Economic Cooperation and Development (OECD) to non-OECD countries. However, presence of precious metals in e-waste, such as gold and copper has made recovery of these metals from e-waste a profitable business that results in cross-country trading even in violation of the Basel Convention, perhaps due to stringent regulation on e-waste management in the exporting nations coupled with the weaker environmental regulations and poor economic working conditions existing in the nations where the waste is exported.
Informal recycling of e-waste in developing nations is emerging as a new environmental challenge for the 21st century. Literature (Puckett and Smith, 2002) reveals that manual computer recycling systems in China and India are worsening the environment. Similar problems are suspected elsewhere as well. Unlike conventional wastes, the main environmental impacts of e-waste mainly arise due to inappropriate processing, rather than the inherent toxic content. Also, it is quite difficult to draw lines of demarcation between secondary goods intended for reuse and e-wastes. The waste electronics is usually processed by deploying the most primitive methods under poor environmental conditions involving children and women indiscriminately. For example, insulated copper wires are collected and burnt in open piles to recover re-saleable copper. Circuit boards are treated in open acid baths next to rivers to extract copper and precious metals. It is a source of livelihood for the poor, at the cost of severe risks to humans and the local environment. Volumes of e-waste that require proper management are increasing rapidly in China and India from domestic generation and illegal imports. Besides offering a business opportunity, this also satisfies the demand for cheap second-hand products. In addition, lack of national regulation, as also relaxed enforcement of existing laws, is promoting the growth of semi-formal or informal sectors in the developing nations. A new economic sector is emerging around trading, repair and recovery of materials from End-Of-Life (EOL) devices. Such primitive methods are being practiced in these sectors, perhaps due to the lack of awareness of the risks associated with it and on better processing methods. Given that the finding exact solutions and implementation is complex, a systematic approach to research and development in technology and policy has been initiated in India as in other developing nations, as an emblem of social response to this challenge.
From the foregoing discussion, it is conceivable that the rapid rise in the influx of embedded electronics into the market augmented with the tendency to replace or discard the product in use by the new product makes an accumulation of discarded products as e-waste in the society an emerging risk. Thus, the life cycle of electronics has to be improved significantly in order to
• avert the accelerated loss of scarce resources
• eliminate toxic emissions into the environment
• protect the water-course from being contaminated with toxics
• avoid other associated environmental deterioration.
The predictable impacts of e-waste on the environment, as also on human health, are malefic in the event it is not being managed in an environmentally sound manner. It is therefore, imperative to have efficient networked activities amongst researchers, stakeholders, policy makers and administrators all around the world. One important aspect is to evaluate the present state-of-the-art knowledge and activities internationally. Several countries like Switzerland, USA, Canada, Japan and Australia have their own regulations, while 25 Member States of the European union follow the EU Directive for e-waste management. In India, on the other hand, there is no separate legislation for the management of e-waste at present. However, a few items of WEEE are included under the Hazardous Wastes (Management and Handling) Amendment Rules, 2003 (MoEF, 2003 . Structured e-waste management, therefore, assumes significant importance, at present, in India that can only be possible either with the enforcement of the regulations already in place dealing with the hazardous wastes after its been configured as deemed necessary so as to make it applicable for the purpose of e-waste management or with the development of a separate national legislation dealing with e-waste only. Final decision making, therefore, depends on the actual policy design. Actual policy design, in turn, depends on the feasibility in practice. A new system design often offers a significant economic impact as could be expected in case of a separate legislation. These can however, only be revealed by a detailed analysis of the actual actions and activities desired for e-waste management.
India's IT sector has become relatively large and is driving development there as IT services spread to other sectors of the economy. Recent Indian development has experienced as an experiment with the 'Leapfrog Model' vs. the usual 'Stage Theory Model' that progresses step by step from agricultural dependency to infrastructure investment and spill forward manufacturing development, eventually resulting in a well integrated and advanced economy. Critical to India's success with the leapfrog approach is the rapid diffusion of IT services into all sectors of the economy. Thus, India is, and can expect, considerable growth in the IT sector as it spreads through the economy sector by sector. Consequently, the importance of putting a policy in place to manage the externalities that are, and will be, created is of considerable importance to India's future (probably more so than many other transition countries like China and Eastern Europe countries). In the light of the above findings, the present paper attempts to make an assessment and policy recommendation for the Indian perspective through a cross-national review of current practice and policy. The areas that are described in this paper are as follows. It addresses the basics of the e-waste for better understanding followed by the discussion of the WEEE Directive of the EU as well as enacted legislations of some of the non-EU developed nations. An overview of national legislative situations of a few countries following EU Directives is also presented. This topic addresses a transition economy with some reference to policies and practices in other transition economies. The Indian legislative framework and initiatives on WEEE management are discussed thereafter prior to recommendations and conclusions.
Thus, the regulatory approach proposed could serve as a model or at least a starting point for other transition countries that may not be so far along as India with respect to management of e-waste.
Electrical and Electronic Equipment (EEE) and Waste Electrical and Electronic Equipment (WEEE) Basics

Definitions of Electrical and Electronic Equipment (EEE)
The Electrical and Electronic Equipment, or in short EEE, means "equipment which is dependent on electric current or electromagnetic fields in order to work properly and equipment for generation, transfer, and measurement of such current and fields falling under the categories set out in Annex IA and designed for use with a voltage rating not exceeding 1000 V for alternating current and 1500 V for direct current." (EU, 2002a) 
Definitions of Electronic waste (e-waste) or Waste Electrical and Electronic Equipment (WEEE)
The standard definition of electronic waste or e-waste does not seem to be available in the existing literature. However, according to Widmer et al. (2005) 'Electronic waste' or 'e-waste' for short is defined as a generic term embracing various forms of electric and electronic equipment that have ceased to be of any value to their owners and this definition seems to be the comprehensive one as of now. In accordance to the EU WEEE Directive the terms 'WEEE' and 'e-waste' are used synonymously. Commonly used definitions are listed in Table 1 .
Table 1
Overview of selected definitions of WEEE or e-waste
Definition Reference
"Any appliance using an electric power supply that has reached its end-of-life" OECD (2001) "Electrical or electronic equipment which is waste … including all components, sub-assemblies and consumables, which are part of the product at the time of discarding". Directive 75/442/EEC, Article 1(a) defines 'waste' as "any substance or object which the holder disposes of or is required to dispose of pursuant to the provisions of national law in force" EU WEEE Directive (EU, 2002a) "e-waste encompasses a broad and growing range of electronic devices ranging from large household devices such as refrigerators, air conditioners, cell phones, personal stereos and consumer electronics to computers which have been discarded by their users" Puckett and Smith (2002) "An electrically powered appliance that no longer satisfies the current owner for its original purpose" Sinha (2004) e-waste refers to " … the reverse supply chain which collects products no longer desired by a given consumer and refurbishes for other consumers, recycles, or otherwise processes wastes"
StEP (2005) 'Electronic waste' or 'e-waste' for short is defined as "a generic term embracing various forms of electric and electronic equipment that have ceased to be of any value to their owners" Widmer et al. (2005) 
Categories of WEEE
WEEE consists of the ten categories (Table 2) per the definitions in the EU Directive 2002/96/EC (EU, 2002a) . Of the ten categories listed in Table 2 , Categories 1-4 account for more than 95% of the WEEE generated. 
Generation and flow of WEEE
The quantum of WEEE generated and its flow trajectory around the globe are two critical issues of significant importance and the exact information is sparse in the existing literature. However, the present position on these aspects is discussed here from the available literature. A legion of methods has been suggested and used to estimate global generation of WEEE. Such methods are available in the literature (Matthews et al., 1997; Lohse et al., 1998; USEPA, 2002) . Each method has its own range of applications and limitations. The total generation of WEEE in selected countries can be understood from an estimate summarised in Table 3 (Williams, 2005) . The data furnished in the table give only an overview of the quantities of e-waste generated in different countries. The direct country wise comparisons regarding quantities of e-waste could not be classically projected since each country had different categories of appliances which counted as e-waste and different methodologies of their estimation. The quantity of e-waste generated in Switzerland, however, was physically weighed and accounted for in the estimate of 2005. It was claimed that a much more accurate measure of e-waste quantities was presented for Switzerland than for other countries (EMPA, 2004b) . Ramlogan and Persadie (2005) In the EU, electro-scrap is the fastest growing waste stream. It was estimated by AEA that the total WEEE amounts were ranging between 14 kg/capita/annum and 20 kg/capita/annum in Europe (Enviros, 2002) . In another estimate the amount of WEEE generated in EU15 was reported to vary between 3.3 kg/capita/annum and 3.6 kg/capita for the period 1990-1999, and was projected to rise to 3.9-4.3 kg/capita for the period -2010 (EEA, 2003 . The study assessed only five appliances, viz., refrigerators, personal computers, televisions, photocopiers and small household appliances and the amount comprised only 25% of the whole WEEE stream of the EU15.
In an estimate of the Commission it has reported that the WEEE is growing at 3-5% per year, relatively three times faster than the average waste source, and the rate of generation of e-waste is around 17-20 kg/capita/annum. This consists of virtually anything from light bulbs to computers, TV sets, mobile phones, kettles and refrigerators (EurActiv, 2006) . On the other hand, the total absolute volume of WEEE generated in populous countries like China and India is huge, despite the fact that per-capita waste production in these countries is still relatively small and estimated to be less than 1 kg/capita/annum (Widmer et al., 2005) . Furthermore, some developing and industrialising countries import e-waste significantly, violating the Basel Convention and no registered data are available on such streams. Given that the information on quantum of WEEE generated globally is available, the information on global flows of WEEE is sparse in the open literature. The available information is, however, reviewed and briefly discussed here. The flow of WEEE out of the UK is one of the most well known studies reported globally so far for the Environment Ministry of UK (ICER, 2004) , which characterised the subject in some detail. It was estimated in the report that 160,000 t of secondary and waste electronic equipment was exported in 2003, in which the share of IT/telecom equipment was 133,000 t. In this category, the properly documented and declared amount was 110,000 t, whereas, 23,000 t were not documented and were going to non-OECD countries like, China, Dubai, Eastern Europe, Hong Kong, India and Jordan as grey-market exports. There is, however, anecdotal evidence of substantial flows from Western to Eastern Europe (e.g., Germany to Poland) available, though no studies identifying flows of e-waste from other European country were reported. Almost a similar situation prevails in case of USA, as no documented data are available (Williams, 2005) . This can be understood from an estimate of Puckett and Smith (2002) , which revealed that 50-80% of the domestic e-waste collected, was shipped to destinations such as China instead of being recycled domestically.
Composition of WEEE
WEEE is a complex mixture of Ag, Au, Pd as precious metals; Cu, Al, Ni, Sn, Zn, Fe as base metals; Hg, Be, Pb, Cd, Cr(VI), As, Sb, Bi as metals of concern; halogens and combustibles (plastics/flame retardants) (Hagelüken and Art, 2006) , many of which are toxic. It is, however, extremely difficult to present a generalised material composition for the entire e-waste stream since EEE is composed of various materials with wide range of physico-chemical characteristics. In general, six categories of materials are, therefore, reported in most of the studies to complete the inventory, such as ferrous metals, non-ferrous metals, glass, plastics, pollutants and others. 'Pollutants' find a position in these categories to reveal the polluting behaviour of the WEEE matrix in reality. When WEEE is disposed of or recycled in an uncontrolled manner, the level of 'pollutants' becomes significantly higher. Besides toxic materials, e-waste also contains considerable quantities of valuables in the form of precious metals. Recycling of such wastes, thus assumes significant importance from the commercial standpoint.
Iron and steel constitute the major fraction in the WEEE materials, to the tune of 47.9%, as against the plastics as the second largest component constituting about 20.6% (ETC/RWM, 2003) . The non-ferrous component contributes to 12.7%, of which Cu weighs 7%. A similar breakup indicating the material composition is found in the e-waste recycled by SWICO/S.EN.S recycling system in Switzerland (EMPA, 2005,) wherein total metals account for 60.20% and plastics account for 15.21%. These compositions are summarised in Table 4. Table 5 presents a typical chemical inventory of a PC weighing about 60 pounds, and Efficiency of Current Recycling Processes (MCC, 1999) . The plastic content composition can be understood from the generic plastic resins that were sold in the electrical and electronic sectors in the USA in significant quantities in 1995 (APC, 2003) . Approximately 16 such plastic resins were sold viz., Acrylic (mostly Polymethyl Methacrylate (PMMA)), Acrylonitrile Butadiene Styrene (ABS), Epoxy (EP), Phenol Formaldehyde (PF), Compounds containing Polyacetal or Poly Oxy Methyl (POM) -groups, Poly Amide (nylon) (PA), Polycarbonate (PC), Polycarbonate (PC)/Acrylonitrile Butadiene Styrene (ABS) blend Polyethylene (PE), Polyethylene Terephthalate (PET), Polybutylene Terephthalate (PBT), Unsaturated Polyester (UP), Polyphenylene Ether (PPE)/High-Impact Polystyrene (HIPS) blend, Polypropylene (PP), Polystyrene (PS) (including HIPS), Polyurethane (PU) and Polyvinyl Chloride (PVC). The six most commonly used resins in EEE were PS (29%), ABS (14%), PP (12%), PU (9%), PC (8%) and PF (5%) and were found to be widely varying in their quantities within product categories. The typical chemical composition of Phones, Audio Equipment, TV-Boards, PC-Boards and Calculator is given in Table 6 ( Hagelüken and Art, 2006) . 
EEE/WEEE and the environment
The interaction between the EEE/WEEE and the environment may be considered based on following three aspects:
• Energy consumption for the EEE. The energy consumption vis-à-vis the diameter of Cu wires distributing energy installed in residential and business buildings, based on saving the material (Cu), is an example under this category. The heating of wires would reduce by a factor of 4 in the event of use of wires with twice the diameter (four times the area), meaning savings of 75% of dissipated power; for example, a saving of 100 W for a period of 50 years, means saving of 50 MWh in some industrial facility or in a big residential building. The value of this power loss is significantly higher than the price of the saved copper in the long run.
• Pollution caused during manufacturing of the EEE and reprocessing of the WEEE. While manufacturing EEE, pollution is caused in all these media, like
• emission of fumes/gases/particulate matters in air
• discharge of liquid waste in water
• disposal of hazardous wastes (stemming from scraps, off-spec products and ETP sludge) in land.
Reprocessing of WEEE identically generates pollution in all the media and would pose threat to the environment as also to health if not managed properly. Here, in this category, the air emission parameters include SO 2 , NO x , HCl, HF, PM furans and dioxins. The liquid waste contains hazardous components (heavy metals) besides the presence of other parameters and this makes the ETP sludge hazardous. Scraps, on the other hand, contribute to the rest of the solid wastes and are also containing hazardous components. Under the pretext of these observations, WEEE reprocessing demands adequate technology discarding the primitive methods as is being practiced in informal sectors in many places in India to meet the environmental harmony holistically. The major hazardous components in WEEE are furnished in Tables 7 and 8 .
• Pollution by toxic materials. The manufacturing of Printed-Circuit Board (PCB), for instance, contributes to pollution significantly due to the presence of toxic materials in it. The PCB manufacturing process, using lead or tin soldering, is among the worst polluters. In this production, in the pre-mounting phase, only 7% of the material (copper) is retained on the board, while 93% is spilled-of chemically, presenting a toxic waste (Milojković and Litovski, 2002) .
Thus, the main conflicts between electronic production and environmental requirements would only be resolved by the underlying concepts of eco-design as a system approach to the design of a product encompassing not only economic, functional, and aesthetic aspect but protection of health (human, animal and floral), environment and society during the whole life-cycle of the product. 
EU WEEE directive highlights
The principal features characterising the outlines of the WEEE Directive of the EU incorporating its amendment (EU, 2002a (EU, , 2003 are as follows:
Genesis of the directive
Member States acting individually cannot achieve the objective of improving the management of WEEE effectively. In particular, different national applications of the producer responsibility principle may lead to substantial disparities in the financial burden on economic operators. Having different national policies on the management of WEEE hampers the effectiveness of recycling policies. In this context the Directive has been evolved to take measures to prevent the generation and reduce the quantity of such waste, whilst also improving the environmental performance of economic operators involved in its management. The EU has also taken measures to restrict the use of hazardous substances in this type of equipment.
Directive rationale
The aims of WEEE Directive, in brief, are to:
• reduce WEEE disposal and save national resources as an emblem of sustainable development
• improve product design so as to prevent WEEE as well as to increase its recovery, reuse and/or recycling • achieve targets for recovery, reuse and recycling of different classes of WEEE for its material and energy
• provide free separate collection systems and collection facilities for WEEE from private households
• provide free take-back scheme by producer for EOL equipment for the consumers from 13 August, 2005
• provide finance by producers for recovery and treatment of WEEE, including provisions for financial guarantees on new products launched on the market.
Member state obligations
• The EU imposes the requirements directly on its Member States, not on companies or consumers.
• Member States are responsible for implementing policies to ensure compliance with the EU Directive.
• The EU can impose penalties on Member States that fail to comply with the Directive.
Legal basis
Member states can adopt stricter standards than those stipulated by the EU. For example, a country may set higher recycling targets than in the Directive and/or achieve these by earlier date, or may include products in addition to those listed in Annexes IA and IB of the Directive.
Scope
The WEEE Directive covers a broad spectrum of EEE used by consumers or intended for professional use that may end up in the municipal waste stream, including products sold in the EU from abroad and products sold electronically. There are ten categories of products discussed earlier ( Table 2 ). Equipment that is connected with the protection of the essential interests of the security of Member States, arms, munitions and war material shall be excluded from this Directive.
Extended Producer Responsibility (EPR)
The provisions of this Directive should apply to products and producers ('Producer' is defined as the brand name on the product or the importer of the product) irrespective of the selling technique, including distance and electronic selling by means of EPR. OECD defines it as "an environmental policy approach in which a producer's responsibility, physical and/or financial, for a product is extended to the post-consumer stage of a product's life cycle" (OECD, 2001) . WEEE Directive establishes the principle of EPR for dealing with the waste stream to encourage designs of EEE that facilitate dismantling and recovery; in particular, the reuse and recycling of WEEE. Producers do not use design features or manufacturing processes that prevent products being reused unless such design features or manufacturing processes ensure overriding advantages of safety and environmental protection. In order to give maximum effect to the concept of EPR, each producer should be financially responsible for taking back his own products at EOL and the management of the waste from his own products in accordance with the directive.
Producers should be able to fulfil their obligations either individually or by joining a collective scheme.
Product design
Member States are to encourage the design and production of EEE that take into account and facilitate dismantling and recovery, in particular, the reuse and recycling of WEEE.
Separate collection
Primary target of the Directive is "to minimise the disposal of WEEE as unsorted municipal waste and to set up separate collection system for WEEE". Producers must make provision for the collection of waste from users other than private households. Member States must ensure that all WEEE is transported to authorised treatment facilities. Member States are to ensure by 13 , that
• final holders and distributors can return such waste free of charge
• distributors of new products ensure that waste of the same type of equipment can be returned to them free of charge on a one-to-one basis
• producers are allowed to set up and operate individual or collective take-back systems
• the return of contaminated waste presenting a risk to the health and safety of personnel may be refused.
All EU countries should ensure the average rate of separate collection of WEEE of 4 kg/capita/annum from private households by 31 December, 2006 (2008 for some of the newest member states). The EU will set up a new target rate by 31 December, 2008. A report on separate collection, treatment, recovery and financing systems shall be submitted within five years after the Directive comes into force by the EU based on the development of the state of technology, experience gained, environmental requirements and the functioning of the internal market. Various collection mechanisms are being practiced globally, depending upon region specific requirement (Savage, 2006) . In Municipal Collection Parks consumers and or businesses can leave WEEE at municipal sites. A number of sorting containers are provided according to the category of products and logistical arrangements with recyclers and transporters. In Retailer Take Back and Storage consumers can take back WEEE to retail stores that distribute similar products. This may be dependent upon purchase of a new product, or without any purchase required, and is sometimes done at the point of home delivery and installation of a new item by the retailer/distributor. In Producer Take Back and Storage WEEE is taken back directly by producers and then fed into the WEEE system. This usually applies to larger commercial equipment and operates on a 'new for old' basis. In Other Collection Points consumers and or businesses can leave WEEE at specially created sites. These can be specialised sorting centres controlled by the Producer Responsibility Organisation (PRO) or more commonly third party sites. A number of sorting containers are provided according to the category of products and logistical arrangements with recyclers and transporters. In Doorstep Collection household WEEE is collected from the doorstep by the PRO or by municipality. In Commercial Collection WEEE is collected on request from industrial enterprises.
Amongst these mechanisms, municipal collection and retailer collection are important in that these are the most practiced. Municipal collection system have been deployed in some nations, for instance, ICT Milieu (The Netherlands) and El Kretsen (Sweden) use this channel exclusively. Others, such as Recupel (Belgium), NVMP (The Netherlands) and El-Retur (Norway) encourage retailer participation, but this does not exceed more than 30% of the total volume. Some non-EU schemes, such as SWICO, achieved much higher levels of collection via the retail chain (upwards of 55%). All these collection mechanisms are based on structured collection methodologies that arise from the well-developed PRO having sophisticated logistics so as to maintain the 'primary purity' of recycled WEEE for further processing. In the informal sectors, as in the case of China and India, the lack of such developed collection mechanisms often reduce the primary purity of the recycled WEEE. This problem could be eliminated by environmental management capacity building programme that incorporates extensive training and awareness, within which the paradigm shift of the informal sector to the formal sector could be envisaged. Many international agencies have been engaged in China and in India in order to address this issue.
WEEE management systems
Producers must apply the systems using the best available treatment, recovery and recycling techniques individually and/or collectively. Such treatment is to include the removal of fluids and selective treatment in accordance with Annexe II to the Directive. Waste treatment and storage must be in conformity with Annex III to the Directive. They must keep records on the mass of WEEE and their components entering and leaving the treatment and/or recycling or recovery facilities. Treatment facilities must obtain permits from the competent authorities. They are encouraged to participate in the Community Eco-Management and Audit Scheme (EMAS). Treatment operations outside the respective Member State or the Community may be permitted subject to compliance with the relevant Council Regulation (EEC) on the supervision and control of shipments of waste within, into and out of the European Community. Such treatment will only count for fulfilment of the targets of the Directive if the exporter can prove that the treatment methods used meet the requirements of the Directive. Targets for recovery and reuse/recycling, stipulated by the EU are furnished in Table 9 . However, extensions have been offered to several Member States.
Financing WEEE management
By 13 August 2005, producers must provide for financing of the collection, treatment, and recovery of WEEE generated from private households in an environmentally sound manner. The responsibility for financing the management of 'Historical Wastes' (WEEE from products put on the market before 13 August, 2005) should be shared by all existing producers, either individually or in collective financing schemes to which all producers existing on the market, when the respective costs occur, contribute proportionately, e.g., in proportion to their respective share of the market by type of equipment. These producers may impose a separate 'visible fee' (one that is explicitly designated, perhaps on the price tag) to cover these costs for eight years (ten years for large household appliances). Producers have 'individual responsibility' for financing the management of wastes stemming from their own 'New Products' (products put on the market after 13 August, 2005) either individually or by joining a collective scheme. No visible fees are permitted to fund the management of these wastes. While placing a 'New Product' on the market, each producer must provide a 'Financial Guarantee' to ensure the management of WEEE by orphan products from falling on society. Such a guarantee may take the form of participation by the producer in financing schemes, a recycling insurance or a blocked bank account. By 13 August 2005, financing is to be covered by producers in the case of waste from holders other than private households and placed on the market after that date. In the case of 'Historical Wastes', management costs are to be borne by producers when supplying 'New Products' fulfilling the same function. However, Member States may provide that users be made responsible, partly or totally, for this financing. When 'New Products' do not replace historical waste, the users other than private households shall provide for the costs.
Information flow to consumers
Consumers from private households must have access to the necessary information on the requirement of
• disposal of WEEE in specific locations isolated from unsorted municipal waste
• to ensure separate collection
• take-back systems
• their role in the recovery of waste
• the effects of such waste on the environment and health
• the meaning of the mandatory symbol appearing on the packaging of such equipment (a crossed-out wheeled bin).
Producers must mark 'New Products' placed on the market with this symbol. Producers must provide information on the reuse and treatment of each new type of EEE within one year after it is placed on the market. Such information is to identify the components and materials present in the equipment and the location of dangerous substances and preparations. Reuse centres, treatment and recycling facilities must be provided with such information. 'New Products' shall have an identification mark on each appliance by the producers.
Information reporting and enforcement
Member States are to prepare a register of producers and keep information annually on the quantities and categories of EEE placed on the market, collected, reused, recycled, and recovered and on collected. Every three years they shall send report on the implementation of this Directive to the EU. The first such report shall cover the period [2004] [2005] [2006] . The Commission should publish a report on the same subject within nine months of receiving the reports from the Member States. They must establish inspection and monitoring systems and determine penalties for non-compliance with the Directive.
The imposition of penalties for non-compliance ranges from fines (up to €1.2 million in Spain, and €50,000 in Germany) to imprisonment (in eight countries, including the Netherlands and Ireland) as well as revocation of trade licenses (Czech Republic, Poland, Spain), recalling products (Germany, Ireland) or prohibition of sales (Ireland, Finland, Poland) (EurActiv, 2006) .
Scientific and technical development
Amendments, new technical developments for treating WEEE, as also scientific and technical progress shall be adopted in consultation with various stakeholders in accordance with the procedure laid down in Article 14(2).
Directive on the use of certain Hazardous Substances (RoHS)
Application. This Directive (EU, 2002b) covers the same scope as the Directive on WEEE (except for medical devices and monitoring and control instruments). It also applies to electric light bulbs and luminaires in households.
Permissible limits of the hazardous substances. From 1 July 2006, lead, mercury, cadmium, chromium (VI), polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers (PBDEs) in EEE must be replaced by other substances. However, as it is not always possible to completely abandon these substances, the Commission provides for a tolerance level of 0.1% by weight in homogenous materials for lead, mercury, chromium (VI), Polybrominated Biphenyls (PBBs) and Polybrominated Diphenyl Ethers (PBDEs), and a tolerance level of 0.01% by weight in homogenous materials for cadmium. In addition, certain uses specified in the Annexe to the Directive are tolerated.
Reviewing. On 6 June, 2005 the Commission proposed reviewing the provisions of the Directive, in order to adapt the list of exempt uses so as to take account of technical progress.
Penalties. Member States are to determine the penalties applicable to breaches of this Directive.
Drawbacks of the WEEE directives
At first, each member state's freedom to interpret conceptual rules set under a policy framework like the WEEE directive might look appealing. The difficulty in finding a detailed, politically achievable EU compromise corroborates this notion. Experience with different implementation approaches also creates the opportunity to learn from best practice in different countries. However, this also comes with a few drawbacks (Bohr, 2006) • vague definition of system design rules results in a relative boost of the manpower to ensure legislation conformity in Original Equipment Manufacturer (OEM) companies creates substantial cost burdens
• fail to create a design feedback loop to the manufacturer
• do not account for eco-efficiency in recycling
• set disincentives for OEMs to foster the collection of WEEE via consumer information -although hardly articulated by any of the stakeholders
• lead to cross-subsidising between product categories dependant on consumers' behaviour
• entail inefficient organisational structures that are far from being simple and clear
• do not allow for decentralised decision-making.
A comparison of the hazardous components present in the matrix of the WEEE and the provision under Annexe II of the directive reveals a striking feature. The provisions of Annexe II have specified removal of hazardous materials and components from WEEE but it may not result in the removal of all hazardous materials and components and such treated WEEE may still be hazardous. Thus, the directive is narrower in scope in removing all the hazardous materials and components from the WEEE (Ogilvie, 2004) .
Exemptions under WEEE directive and RoHS
The items not covered under WEEE Directive and RoHS are furnished in Table 10 ( Day, 2005; Leitzmann, 2006) . 
WEEE activity in non-EU nations
The legislative developments in non-EU nations like Switzerland, USA, Canada, Australia, Japan and China where 'WEEE Take Back' and 'Producer Responsibility' are being explored are discussed in this section. The legislative scenario and activities for these nations except Switzerland are extracted from the report of Savage (2006) .
Switzerland
Legislation
Switzerland is the first country in the world to introduce legislation on e-waste management in 1998 in the form of an Ordinance entitled "The Return, the Taking Back and the Disposal of Electrical and Electronic Appliances (ORDEA)" (SAEFL, 1998) . Switzerland has two separate WEEE recycling systems (Eugster, 2004) : the Swiss Association for Information, Communication and Organisation Technology (SWICO) Recycling Guarantee created in 1993 and the Swiss Foundation for Waste Management (S.EN.S) system established in 1990. SWICO is an association of manufacturers and importers of office electronics and IT equipment in Switzerland and SENS is a non-profit organisation that operates recuperation solutions on behalf of manufacturers, importers and retailers. They have established a regulation that outlines the prerequisites for the recycling companies to be commissioned for either of the systems to process the electronic scrap taken back by the respective system. Both the systems have complete take-back and recycling programmes financed by an Advanced Recycling Fee (ARF) charged on all new appliances. The ARF is charged to the customers for collecting, transporting and recycling of the disposed appliances. The Swiss system is based on EPR -both legally and operationally. Manufacturers and importers are physically and financially responsible for environmentally sound disposal of EOL products. Export of e-waste is prohibitive to non-OECD countries since Switzerland is a signatory to the Basel Convention Ban Amendment. Appliances for disposal are permitted for export as specified in ORDEA (SAEFL, 1998) after obtaining the prior consent of the importing country. On this account, an exporter must ensure environmentally tolerable disposal of e-waste.
Activity
SWICO manages 'brown goods' such as office electronics, IT equipment, mobile telephones, equipment used in the graphics industry, telephones and telephone switchboard systems, consumer electronics and dental equipment. While SENS handles 'white goods', namely, refrigerators, washing machines, ovens, electrical tools, building, gardening and hobby appliances, electrical and electronic toys, as well as lighting equipment. The Technical Control Body of the Swiss Federal Laboratories for Materials Testing and Research, EMPA, has a bridging function between the two systems since it is a member of both organisations. One of the major responsibilities of EMPA is to collect data annually and the collation thereof in respect of material inflow and outflow from all licensed recycling companies induced by the electronic scrap taken back in the two systems. In 2003 there were 500 official collection points of SWICO and SENS around Switzerland in addition to the thousands of retail locations which have to take back old equipment free of charge, irrespective of the brand or year of manufacture, thereby making it easier for consumers to dispose of their e-waste at appropriate locations . By having common collection points, the PROs are better able to manage logistics, benefit from economies of scale and provide a consumer friendly, all-inclusive solution instead of a prohibitively expensive brand specific one. The two systems are well established in Switzerland. In 2004 they enabled the participating recycling companies to process about 75,000 t of WEEE -which corresponds to about 11 kg recycled WEEE per inhabitant (Hischier et al., 2005) . This figure significantly exceeds the goal of 4 kg recycled WEEE per inhabitant defined in the European WEEE directive (EU, 2002a).
USA
Legislation
Autonomy of the State legislatures in political, economic and environmental agendas makes it difficult for the USA to develop national programmes and WEEE management practices vary from one state to the other. For example, initiatives taken in 2003 include
• twenty six states proposed 52 electronic waste bills and 10 mercury-related restriction bills that affect electronics
• thirty eight states had WEEE management programme
• waste Cathode Ray Tubes (CRTs) were prohibited from land disposal in California, Maine, Massachusetts and Minnesota and Florida.
Thus, establishing effective governance with a holistic approach to deal with the e-waste at the Federal level is becoming one of the challenges in the USA.
Regional Initiatives. North-East Recycling Council (with ten NE States), North-East Waste Management Officials Association and the Northwest Product Stewardship Council work at the regional level to develop a legislative policy with states and local communities.
Initiatives at national level. EPA is working with retailers and manufacturers of electronic products, as well as with government agencies, to reduce the environmental impacts of the production, use and disposal under its Resource Conservation Challenge (RCC). Plug-In to e-Cycling Campaign, under the RCC launched in January 2003, aims to distribute information about WEEE reuse and recycling (particularly for computers, mobile telephones and TVs) and also to facilitate further reuse and recycling. The major targets include
• increasing the national recycling rate to 35%
• implementing Product Stewardship by sharing responsibility, with all who handle the products throughout their life cycle.
Activity
The major Stakeholders in participating WEEE management are:
• National Electrical Manufacturers Association (NEMA).
• US Trade Association representing electro-industry manufacturers.
• US-based multinational companies (Apple, AT&T, HP, IBM and Motorola).
• State Product Stewardship policy of Minnesota Office of Environmental Assistance (MOEA):
• for recovery and recycling targets in the state
• to identify alternative (non-governmental) financing mechanisms
• to obtain commitments for managing EOL electronics from manufacturers, sellers and users.
• Sony Electronics, Waste Management Inc., American Plastics Council and Panasonic/Matsushita Electric are engaged in assessing the economic viability of various collections and processing strategies for waste electronics in Minnesota. Sony signed a five-year agreement with Waste Management Inc. and MOEA to recover and recycle Sony products free of charge in Minnesota.
• Florida Department of Environmental Protection has developed a strategy similar to that at Massachusetts for managing CRT (banning its disposal) and other EOL electronic equipment. Its major aims are to
• clarify the regulatory framework for handling CRTs
• promote the development of the recycling infrastructure through grants
• pursue pilot programs to evaluate various management options
• execute a state recycling contract for use by Florida governmental agencies.
Canada
Legislation
National Legislature. In June 2004, Canadian Council of Ministers of the Environment (CCME) adopted National Stewardship principles for electronics products. The key principles include consumer access, product mixes, designation of the responsible parties, performance targets and recycling standards. The objectives of the principles are to help, develop and deliver WEEE programmes in each Canadian province and territory, ensuring balance between environmental and economic considerations.
Independent Provincial Schemes and Legislations:
• Alberta: launched Canada's first regulated electronics recycling programme in October 2004
• • major appliances materials project
• computer and peripherals materials project
• electrical and electronic products infrastructure facilitation.
The DEH is pondering up on Product Stewardship dealing with total product life cycle and developing website for WEEE management in the EU, Canada, the USA and Japan.
Activity
The State Environment Ministry in Australia has a imposed recycling fee on the sale of new TVs with the support of major television manufacturers. A nationwide recycling scheme would be developed and operated with the funds collected. However, voluntary Product Stewardship Initiatives have been the main activity in Australia by the major stakeholders namely, Australian Electrical and Electronic Manufacturers Association (AEEMA), Consumer Electronic Suppliers Association (CESA, which is a forum of the AEEMA), Australian Information Industry Association (AIIA), Australian Mobile Telecommunications Association (AMTA, which is responsible for recycling mobile telephones) and the Australian Information Industry Association (AIIA). 'WEEE Take Back' is initiated at the regional/provincial levels, e.g., CESA/AEEMA project in Victoria. WEEE activities are developed by Recyclers, e.g., purchase of Mirex (a Dutch recycling company) by the Sims Groups for instituting WEEE management legislation.
Japan
Legislation
Japan has introduced The Household Appliance Recycling Law for the management of WEEE, whose principal features include:
• enacted in June 1998 and was enforced in April 2001.
• recyclers to collect and producers as also importers to recycle
• primarily four products (televisions, air conditioners, refrigerators and washing machines) were covered as obligatory items, and later extended to personal computers on a voluntary basis, as against ten categories of specified in WEEE Directive, since the law accounts for 80% by weight of all discarded EEE within the categories considered
• consumers are responsible for collection of used products by municipalities and retailers
• producers are obligated to establish recovery/recycling systems, take-back WEEE at bulk collection points from retailers and finance recycling of their own products
• tends to follow EU legislation (thereby ensuring conformity and enabling exports to Europe)
• fees in Japan are slightly higher than in the EU
• EOL fee is very expensive for individual consumers as also for the system as a whole
• imposes 'Old for New' policy on retailers, like Take-Back Programme, i.e., while selling, retailers to take back from consumer either a similar used product or some other product that they sold in the past
• recycling targets to be raised on maturity of the system
• 'orphan' products (outlast their manufacturer), such as a TV discarded 20 years after the date of sale, are managed by The Association for Electric Home Appliances (AEHA), a trade group.
Activity
Collection. The Ministry of the Environment estimated that 80% of recycled appliances were collected through retail outlets. The few collection systems provided by local governments charge higher fees than those charged by retailers. Household e-waste is collected by retail shops.
Transportation. Retailers, local government or some other designated organisation are obligated to transport the collected materials to consolidation centres operated by two manufacturer consortia.
Recycling and treatment. Each consortium to establish collective compliance system, in order to encourage innovation and competition between the two such systems that would be cost effective. Take-Back. The take-back system has been established for environmentally sound management of e-waste.
China
Legislation China WEEE
• China is one of the largest producers of EEE, for instance, 90% of the global CRT production is from China alone. Thus WEEE management assumes significant importance in China.
• The State Development and Reform Commission (SDRC) drafted the "Management Regulations on the Recycling of Used Household Electronic Products and Electronic Products" in 2004 and submitted them to the State Council for promulgation.
• The State Council issued the regulations in late 2005, often referred to as 'China WEEE' as they reflect the EU WEEE Directives.
• Govern the recycling and treatment of waste and EOL household and computer related EEE and also promoting resource recycling/reuse, environmental protection and human health.
• Propose take-back and recycling of certain WEEE.
• Initially covered items were televisions, washing machines, refrigerators, air conditioners and computers.
• Household appliance producers are responsible for:
• adopting product design favourable to recycling/reuse
• selecting non-hazardous/non-toxic materials and substances, and materials favourable to recycling and reuse
• providing major components and other information in the instruction manual.
• Such producers must undertake treatment or entrust this treatment of e-waste from their own products and provide all relevant information to the provincial authorities.
• Financing and producer responsibility are not adequately addressed.
State Environmental Protection Administration (SEPA) issued a policy entitled "Technology Policy on Prevention and Control of Waste Electrical and Electronic Pollution" in 2004. The objectives include
• reduction of WEEE generation
• increase in the rate of WEEE recycling and reuse
• minimising impact and impairment on the environment in the process of WEEE management.
Activity
Recycling in China is largely unorganised. The major recycling activities practiced in China are discussed.
Beijing
Collection. WEEE is mainly collected door to door by approximately 5000 individuals who have no business license or fixed place of business and collect all kinds of discarded electronic products. The collection network is semi-organised. A state run collection system also operates in Beijing, with 1800 collection points deploying approximately 3600 employees. However, the e-waste collected through these points is insignificant.
Dismantling and treatment. The 'Beijing Jin Huan Industry Waste Treatment Service
Station' established in 1996, is the only registered station engaged in the disassembly and treatment of e-waste. The station has the capacity to process 300 t of industrial e-waste, mainly from the seven large manufacturing units. In addition, there are four large disassembly centres in Beijing. After sorting and dismantling, e-waste from Beijing is sent to Southeast China, mainly to Guang Dong and Zhe Jiang for actual refining and metal recovery. Therefore, the final disposal takes place outside Beijing.
Other provinces
• In 2004, the SDRC first announced two locations in the country to establish recycling systems for scrap electronics in Zhejiang province and Qingdao. After Qingdao, the Haier Group established a centre for recycling old and useless household electrical appliances as a model project, but it did not take off.
• Large enterprises and volunteer environmentalists are also involved in the recycling of WEEE.
• In 2005, China Consumers' Association (CCA), Motorola Inc. and US-based Fortune Group jointly initiated a programme to reclaim old and useless mobile phones.
• In June 2004, Motorola set up 279 reclamation stations in 151 cities in China and the company has reclaimed 3 t of old and useless mobile phones and their accessories so far.
• Recycling Plants subsidised from the central budget are largely being encouraged in the country.
• The country's largest WEEE disposal plant 'Citiraya Environment Industry', using non-polluting processes, was established in Wuxi of Jiangsu Province, at a cost of $65 million. The capacity of the 1st phase is 30,000 TPA of WEEE and would be raised to 60,000 TPA.
Recycling of imported e-waste in China
Huge amounts of e-waste have been imported into China from developed countries in the recent past, as the processing is profitable because of cheap labour costs and relaxed regulations compared with developed countries. Literature revealed that it was ten times cheaper to ship CRT monitors to China than to recycle them in the USA (SVTC, 2000) resulting in tremendous pressure to the Chinese environment due to uncultured dismantling operation and metal recovery methods (Puckett and Smith, 2002) . The presence of polybrominated flame-retardants in plastic makes recycling dangerous and difficult. Recyclers do not usually recycle flame-retardants in developed countries because of the risk of generating dioxins and furans. However, the poor workers in developing countries (in China) carry out such highly hazardous activity without any adequate measures owing to the high profits associated with the processing.
Present state-of-the-art for WEEE management in India
Recycling of e-waste is a market-driven and growing industry in India, (Haque et al., 2000) . The waste collectors pay consumers a positive price for their obsolete appliances. The small collectors, in turn, sell their collections to traders who aggregate and sort different kinds of waste and then sell it to recyclers, who recover the metals. The EMPA field study in New Delhi (EMPA, 2004a) indicated that the entire recycling activity was based on a network existing among collectors, traders and recyclers, each adding value and creating jobs, at every point in the chain. It was also reported that a noticeable degree of specialisation had emerged with the increase in the volume of e-waste. The initial investment required for starting a collection, dismantling, sorting or recovery is low which makes the business very attractive for small entrepreneurs. The financial profit is the main incentive for the facility owners, rather than creating environmental or social awareness. However, this business has significant employment potential under Indian conditions (Baud et al., 2001) . Collection, dismantling, sorting and segregation and even metal recovery are done manually in India. Therefore, the informal e-waste recycling sector employs many unskilled or semi-skilled workers. EMPA's pilot study (EMPA, 2004a) estimated that the recycling and recovery operations in Delhi alone involve at least 10,000 people in a situation where there are no national figures available as yet. Of course, the national figure would be much higher. In Bangalore there are more than 500 operating recyclers of discarded computers and electronic components (Shankar, 2004) . They sell second-hand parts either to computer assemblers in the grey market or to buyers directly. Most of them then burn the waste, mainly plastics and printed circuit boards, in illegal dump yards near residential colonies. Some of the wastes, including lead, are dumped along with the municipal waste and then burnt in the open air. There are more than 100 illegal dumping sites working in Bangalore.
Occupational safety and health vis-a vis e-waste management in the informal sector
e-waste handlers in the informal sector are at a much higher risk of exposures to various hazardous chemicals from the perspective of Occupational Hazard in India. In this section the present state-of-the-art of the occupational safety and health under Indian condition is presented. e-waste management in the informal sector in India is posing a serious threat to the health of the workers owing to the archaic and hazardous processes involved in handling them. The operations are carried out in a closed set-up in dark and poorly ventilated rooms. Several workers are accommodated in a small room. Health hazards stems from all kinds of operations performed by them, viz., dismantling, breaking, shredding, acid processing, burning of organics, disposal of non-recyclables and desoldering. The health impact originating from dismantling operations is due to the exposure to hazardous dust and it creates relatively less impact amongst all other operations. Breaking of CRTs leads to inhalation of chemicals, while shredding exposes one to metal dust. In acid processing concentrated nitric acid is used and exposure to the toxic fumes of acid, mercury and cyanide are of prime concern. Spent acid is indiscriminately discharged without rendering any treatment. The characteristics of such spent acid wastes in the National Capital Region (NCR) in India revealed the presence of Sb (68 mg/l), Cu (240 mg/l), Pb (20 mg/l), Ni (478 mg/l), Sn (340 mg/l) and Zn (2710 mg/l) (Sudhakar, 2006) . Open burning of PVC and various boards leads to emission of toxic carcinogenic dioxins and furan and also various other toxic chemicals. The ash generated from such open burning operations is highly toxic and contains high levels of Cd, Cu, Pb and Zn. The items that could not be recycled are dumped in an open land and leads to contamination of soil and ground water in the surrounding area. Desoldering is carried out in domestic cooking stoves and results in emission of Pb, Sn and BFRs. The degree of indoor air pollution is extremely high. These operations, thus, necessitate the installation of an effluent treatment plant, air pollution control devices and hazardous waste management so as to maintain the environmental quality. But none of the units under this sector in India has so far deployed these pollution control measures.
The workers are unaware of the hazards associated with such operations. Thus, the process safety is completely ignored which is essential for the protection of the health of the workers as well as for the overall environment. For instance, hazardous and inflammable chemicals are haphazardly stored without any labelling. Further, no worker is equipped with the Personnel Protective Shields e.g., gloves, goggles, boots, masks. For example, women collect lead with their bare hands while men take bath in lead sludge. Also, workers use their bare hands for precious metal recovery during extraction of gold and silver using primitive processes. The concept of a first aid kit does not arise to them in so as far as the present status is concerned. There is no systematic documentation of stock and process adopted. Recyclers are, therefore, exposed to
• toxic chemicals directly through the skin while touching them
• various toxic components by inhalation of fumes and gases at elevated temperatures
• toxins by ingesting food and water that are contaminated.
The persons employed are between the age group of 20 and 35 years. Interestingly, a majority of them are women. However, children are also indiscriminately engaged in the operations. All of them are engaged for a longer period of the day on daily wages without any health coverage scheme. The socio-economic status and literacy rate are extremely poor amongst the workers involved. This is coupled with the lack of social and family support, leading to severe exposure to the toxins. Workers never express the health hazards associated with the activities they are entrusted with due to fear of losing jobs. Major health problems include indigestion, weakness, gastritis, breathing problems, skin irritation, muscle and low back pain, and finally, injuries (e.g., accidental, thermal and corrosive). Furthermore, metal fume fever is nothing new to the workers associated with these units.
The health hazards from fumes, ashes and harmful chemicals affect not only the workers who come into contact with the e-waste, but also the environment associated with the recycling operations. For instance, the general water and soil qualities in the village area located at a distance of 500 m from the recycling and processing units in the NCR in India showed the presence of higher levels of heavy metals, which is alarming. Air quality, on the other hand, in such areas were reported to cause suffocation, eye irritation and bronchial problems to the local inhabitants (Basu, 2006) . These adversities may be attributed to
• the low level of awareness among workers regarding the hazards of the chemicals • adopting primitive processes in which they are exposed
• the minimum protection and safety measures they are obliged to take
• the lack of formal guidelines as well as a lax enforcement of existing environmental laws.
These issues have led the government to take initiatives to formulate a structured e-waste management policy in India.
Legislative framework for WEEE management in India
WEEE policy
The Government of India is committed to the Minimisation and Control of Hazardous Wastes, both nationally and internationally. She is a party to the Basel Convention and cannot export listed hazardous wastes to the countries that have ratified the ban agreement. However, the convention agreement does not restrict the import of such wastes from countries that have not ratified the Convention. The Hazardous Waste Rules of India (MoEF, 2003) controls the import of hazardous waste from any part of the world into India. Import is permitted only for processing or reusing of specified hazardous wastes as raw material. Legally, electronic waste is included under the aforementioned rules (List -A and List -B of Schedule -three of the Hazardous Wastes (Management and Handling) Amendment Rules, 2003) as discussed earlier (Table 13 ). However, this does not stipulate the management and handling of post-consumer waste generated within the country, merely stating that any e-waste import requires the specific permission of the Ministry of Environment and Forests (MoEF), Government of India. The Ministry has given no such permission to any authority or person thus far . The growing hazards of e-waste in India were noticed by the government, industry, users and NGOs and they felt it necessary that the treatment of WEEE for recovery should follow environmentally sound technologies. In this context, the first ad-hoc national WEEE policies and legislation were completed on 22 March 2003. The main objective is to facilitate the assignments of a working group of the Indian government and other stakeholders in drafting guidelines for the formulation of Indian WEEE legislation. (WEEE Policy, 2004) . Baseline study. To develop a National Register/Clearing House with sufficient accuracy on the national e-waste recycling system at present led by the Indo-German-Swiss e-waste Project so as to assess the present scenario (i.e., quantification, characterisation, disposal practices and environmental impacts) and to make future projections on volumes of e-waste.
Restructuring recycling. Reported preliminary studies (EMPA, 2004a) revealed that severe risks were associated with the processes adopted in India. Thus, some of the processes are to be discarded and some to be improved. In the light of these findings, the Task force, under the aegis of the Indo-German-Swiss e-waste Project, mainly aims at restructuring and cleaning up the present recycling sector, up-grading skills and technologies, and substituting risky informal processes with the formal sector.
EPR. Issues to be covered under the EPR are system ownership, financing, logistics, contractual arrangements with recyclers etc.
Awareness building. The level of awareness on the hazards associated with the e-waste is extremely low, particularly because it is not being generated at the magnitude as in developed nations. Attention is, therefore, being drawn to take measures for making consumers and manufacturers aware of e-waste through awareness campaigns.
WEEE stakeholders
Manufacturers. Manufacturers who
• have manufacturing facilities
• generate production waste
• import or own branded EEE, are key stakeholders in the context of EPR.
The main organisations include the Manufacturers Association of IT (MAIT), Consumer Electronics and Television Manufacturers Association (CETMA), Telecom Equipment Manufacturers Association of India (TEMA) and Electronic Industries Association of India (ELCINA).
Users. Large quantities of e-waste are individually generated annually by the corporate users. Currently, business users either donate their discarded but working equipment to charitable organisations or auction them as scrap. However, Custom Bonded goods, especially in the case of IT companies, have to be stored till cleared by the authorities for disposal as scrap. On the other hand, small quantities of e-waste are generated by individual household consumers every year, but given the sheer size of the market the total volume is significantly large. For instance, individual households contribute to 22% of junk computers in India as estimated by Toxics Link. These are, however, exchanged for new appliances at present, or sold to door-to-door scrap collectors. Relevant organisations include National Association of Software and Service Companies (NASSCOM) and Toxics Link.
Recyclers.
Recyclers of e-waste in the formal sector are in their nascence, with the first one being established in Bangalore. While in the informal sector the collection, dismantling and recovery are currently practiced entirely by a well-established network adopting very primitive and dangerous recovery processes, though the sector creates substantial value added products. E-Parisara located at Bangalore is the main organisation.
Policy-makers and Legislators. Policy makers, legislators and government authorities usually engaged in drafting and implementing environmental legislations are important stakeholders at both the national and the state level in this group. The MoEF is the Nodal Ministry for all environmental related issues in the country and also has the task of liasing with other ministries, such as the MoCIT and the Ministry of Finance (MoF) to ensure harmonised laws. CPCB, under the nodal ministry -MoEF, is the authority to enforce environmental laws in India. The principal authorities are, therefore, MoEF, MoCIT, MoF and CPCB.
Recommendations
The regulatory approaches of both EU Member States and non-EU Nations primarily depend on the principle of EPR. EPR uses a command and control approach for its enforcement and is market-oriented regulatory instrument. For WEEE management the application of EPR is certainly appropriate. However, the logistics behind the actual policy framed by regulatory authorities need careful analysis in terms of viability. The impacts of cost of various organisational set-ups should be taken into account by the policy makers. Ostensibly, this can only be explored by a concerted analysis of the existing WEEE recycling practices. These issues were not addressed in the case of the WEEE Directive of the EU. As a result, this necessitates the evolution as well as analysis of the potential of alternative or additional policy tools (Bohr, 2006) . In the light of these findings, pivotal steps for WEEE management for developing nations like India are recommended.
National system
• To evolve a uniform national system.
• Product stewardship. Those in the product lifecycle should share responsibility for reducing the environmental impacts of products. Usable materials should be reused while manufacturing new products and valued materials, for instance, precious metals, should be extracted and recycled back into the process.
As discussed earlier, under the current legislation on waste disposal and the promotion of efficient utilisation of resources, the Japanese government enforced the Household Appliance Recycling Law (HARL). This basic policy, based on an interpretation of the EPR principle, concerns the collection, transportation and recycling of waste products from household appliances such as TV sets, air conditioner units, refrigerators, and washing machines. Together, the four targeted products represent 80% of the total number of appliances discarded by householders, and approximately 2% of the total municipal solid waste generated annually in Japan. This percentage represents about 20 million units discarded annually, and an equivalent mass of 7,33,000 t. Literature revealed that, even though Japan has a developed National Policy, the EOL strategy of this nation does not provide any data on the export as well as flow of WEEE to the Second hand dealer or charity agency of the third world country after repair/re-fix and refurbishment of products/components ready for re-use (Jofre and Morioka, 2005) .
Product coverage
To clearly cover products that are necessary so as to eliminate guesswork and lengthy negotiations between producers and retailers. For example, the items listed under the provision of Hazardous Wastes Rules of India (Table 13 ) may be reviewed for modification and incorporation of newer items to make the list of products complete under Indian conditions.
Collection mechanism
• Buy-back policy. Buy-Back Policy in addition to the well-known Take-Back Programme seems to be a viable alternative for establishing a structured collection of WEEE in India. Buy-Back Policy has been an operating option for some items (e.g., TV, Fax machine, Photocopying machine etc.) in India. What it really aims at is to encourage the consumers to opt for this policy through financial incentives while purchasing New Products. Provision for financial incentives may help in accelerating the implementation of this policy. It is similar to that one operates in Japan as 'Old for New Policy' under the provisions of 'The Household Appliance Recycling Law'. It would be a pragmatic approach to adopt Bye-Back Policy so as to take control over the collection of WEEE.
• Flexible collection methods. Methods should be formulated at the state and local levels in the form of specified incentive schemes for collection and prescribed distributed collection processes. The collection process may be envisaged by constituting Collection Agencies at various levels like National, State and Local levels to ensure a decentralised mode of collection. In order to avoid the difficulties associated with the category wise collection (that may arise from categorisation process similar to EU WEEE Directive) amongst the consumers due to lack of adequate knowledge on the hazards of the WEEE and the necessity for proper management practices, the collection centres should have item specific collection chambers wherein items shall be put by the Collection Agency. Promoting such an action may dramatically reduce the scattered disposal of WEEE.
Post-collection activities
Fixing up of the responsibility for WEEE management and treatment (pre-processing and reprocessing) are the two basic ingredients under post-collection activities. EPR is by far the best method applied worldwide to day as far as the WEEE management practices are concerned. EPR, as discussed earlier uses a command and control approach and a market-oriented instrument. It is, however, becoming a debatable issue globally. Even in India, in the recent past, the regulatory authority and the industries have experienced the paradigm shift of command and control approach to the partnership programme in enforcing environmental regulations through the Corporate Responsibility of Environmental Protection (CREP, 2003) , especially for the Grossly Polluting 17 categories of industries. Given that the responsibility of the waste management stemming from the waste generated in any manner due to any industrial activity rests with the owner of that industry, the producers of EEE ought to have a similar responsibility after their products are discarded at the EOL. EPR is, thus, classically justified and it cannot be simplified to get rid of the command and control approach, as it cannot overstep the responsible limits of the producers of the EEE towards the management of the WEEE. Once the EPR is set forth, it is the financial commitment of the producers which fulfils their responsibility in managing their products after being discarded at the EOL. Such commitment could be satisfied either by directly treating the wastes by the producers or by joining into common treatment facility owned by an agency other than the producer. Treatment activities may not, therefore, be restricted to the producers themselves only. In countries like India, producers are not in abundance and the treatment of WEEE by the producers only may not be a conservative solution.
Establishments of facilities other than at the producers' end, as exist in many developed nations, shall also be promoted in order to avoid this stringent restriction. And such facilities shall be uniformly distributed so as to cater to the sources reasonably and to reduce the burden of transporting the WEEE over long distances. The treatment method may be discussed in two categories It has already been pointed out earlier that the management of WEEE in India with the help of Hazardous Wastes Rules does not seem to be effective in its present form as these are not orchestrated to cover the broad spectrum of WEEE that would be generated in a country like India. The provisions under such Rules shall, therefore, be configured so as to make the provisions complete in respect of WEEE management. The existing certification process may be continued herein. The implementation of the certification process would not be difficult once the existing regulations are configured. Furthermore, guidelines for 'Environmentally Sound Management' for reprocessing could be prescribed by the regulatory authority similar to the guidelines prescribed for some of the Hazardous Wastes by the CPCB (2000, 2004) . The status of compliance of the dismantlers and recyclers shall be periodically reviewed to ensure enforcement of the configured regulations. In the event of promulgating a regulation exclusively for the WEEE management, in addition to the operating Hazardous Wastes Rules in India there could be possibilities of ambiguity in certification process amongst regulatory authorities and producers. Given that the WEEE is considered hazardous while reprocessing, the presence of such dual regulations dealing with same waste may necessitate issuance of dual certificates and formation of double standards thereof. (Ramlogan and Persadie, 2005) . This clearly demonstrates that promulgation of a separate rule for the e-waste management in a situation where Hazardous Waste Rules are in place is not recommended.
The three-pronged advantages of this proposition are:
• No need to introduce separate regulation that would invite extra financial burden to all concerned, e.g., Regulatory Authorities, Manufacturers, Dismantlers, Recyclers etc.
• No need to introduce separate certification process for the WEEE Management and, hence, ambiguity in Double Certification could be avoided.
• Free from formation of 'Double Standards'.
Promulgation of new regulation on the other hand, having a varied demographic profile in nations like India, would make an impact on the overall economy of the country. Without carrying out a concerted economic analysis taking the demographic profile into account, ad-hoc decision making for promulgating a new regulation, therefore, may not lead to a sustainable wisdom, in such a situation. Furthermore, it would be extremely difficult to avoid the interferences that would arise between the new regulation for e-waste and Hazardous Waste Rules in place. It would also affect the permit giving process. In the light of these considerations, the Hazardous Waste Rules in place may be configured to accommodate the e-waste for its management.
Financing
• Single financing mechanism shall be formulated that is to be applied across the country.
• Regardless of the financing mechanism chosen, prescribed procedures shall be established to oversee and enforce the policy to ensure fairness in uniform participation.
Minimising compliance costs and maximising participation
• To frame standardised requirements for compliance across the country so as to avoid confusion amongst the producers:
• Product Labelling Requirements
• Product Literature Requirements
• Information on Packaging Requirements
• Reporting Requirements.
• Competition and market forces are to be introduced into the system from the beginning so as to keep the compliance costs down.
• If the industries are part of any legislation, then they shall be involved in the event of any development in design standards or material bans.
Consumer education
Mass Awareness Campaigns shall be organised by organising conferences, workshops, seminars, meetings etc., at various levels involving all the stakeholders so as to educate the consumers regarding the hazardous nature of the WEEE and importance of its various stages of management practices.
Incentives for a market-driven solution
• The Government's leverage may be used as one of the country's largest information technology buyers for design improvements, manufacturer's participation in reuse-cum-reprocessing and EOL services.
• Private sectors may be rewarded for programmes on environmentally friendly design for EEE. For instance, Environmental Excellence Awards are being bestowed upon the Industries, Local Bodies and NGOs for best environmental management by either implementing best pollution control measures or adopting cleaner production process or adopting best environmental management practices in the State of West Bengal in India.
Disposal of hazardous wastes during reprocessing of WEEE
The hazardous waste that would be generated during reprocessing of WEEE shall be disposed of in engineered landfill sites in any of the following ways:
• to use the Operating Hazardous Waste Disposal Facilities in a Region
• to commission a New Facility and operate it if the existing facility for traditional hazardous waste disposal apprehended to overflow with the planned disposal of such wastes into it
• to commission a dedicated New Facility and operate it for the disposal of such wastes.
Incineration of, especially, plastics may be discouraged because of the formation of furans and dioxins. However, its use for energy recovery or conversion into fuel may be explored through extensive Research and Development.
Efficiency auditing
The efficiency of the overall system should be evaluated by carrying out unit-wise efficiency calculation and periodically it should be audited for the purpose of overall performance analysis. It covers the process operations, social factors, manpower, energy and other resources and finally, the environmental factors. Performance analysis in terms of Efficiency Auditing rather than carrying out parallel Energy Auditing and Environmental Auditing could be revealing.
Rule making process
At present, there is a growing debate across the country on the promulgation of a separate WEEE Regulation like other 'Waste Management Rules' enacted under the provisions of the Environment (Protection) Act, 1986 as amended from time to time. But its demerits have been critically analysed earlier in this section. In practice, the configured Hazardous Waste Rules for e-waste management weaknesses found, if any, may be reduced/eliminated by suitable amendment of the proposed regulation as is happening in most of the Environmental Regulations in India. The method elucidating the development of the regulatory approach could serve as a model or at least as a starting point for other transition countries that may not be so far ahead as India with respect to management of e-waste.
Conclusions
Literature revealed that the 'electronic waste', or 'e-waste' for short, is defined as a generic term embracing various forms of electric and electronic equipment that have ceased to be of any value to their owners and this definition seems to be a comprehensive one as of now. In accordance with the EU WEEE Directive the terms 'WEEE' and 'e-waste' are used synonymously. It emerges as a risky waste stream all around the globe due to rapid technological advancement as well as obsolescence of the products. WEEE is toxic if treated and discarded improperly, while it is valuable as a source for secondary raw material. For example, the valuables in WEEE are over 60% while pollutants relatively constitute a meagre 2.70%. Its treatment, as well as disposal, becomes hazardous considering the fact that it contains many hazardous components. Given the significant economic potential in recovering the valuable materials, coupled with the promulgation of stringent regulation in managing this waste stream, illegal cross-country trading is being practiced in violation to the Basel Convention, by some of the developed nations, to the developing nations where both environmental standards and working conditions are grossly inadequate. Literature revealed that several countries like Switzerland, the USA, Canada, Australia and Japan have promulgated their own regulations while 25 Member States of the European union follow the EU Directive for ewaste management. Excepting for a few items of WEEE included under the Hazardous Wastes Rules of India, there is no regulatory mechanism for the management of e-waste at present. Therefore, structured e-waste management practices become impossible, at present, in India. It has been shown that this can be resolved either with the enforcement of the existing regulations dealing with the hazardous wastes after its plausible configuration or promulgating a separate national legislation dealing with e-waste only.
In the light of these findings this paper has addressed the basics of the e-waste; for instance, definitions of EEE and WEEE, generation and flow of WEEE as well as the composition of WEEE. The principal features of the EU WEEE Directive and the RoHS and their exemptions have also been discussed. The limitations of the EU WEEE directive are also pointed out. Enacted legislations of some of the non-EU developed nations are discussed thereafter. The overview of national legislative situations of the UK, Sweden and Belgium following the EU Directive is also spelt out. The status of compliance of WEEE Directive and RoHS as of October 2005 is also pointed out. The Indian legislative framework and initiatives on WEEE management are discussed. The major recommendations include:
• Evolving uniform national system and product stewardship.
• Detailed product coverage.
• Adopting flexible collection mechanisms (which include decentralised collection system, encouraging consumers to return discarded EOL products at the collection sites through incentive schemes, adopting 'Buy Back Policy' analogous to 'Old for New Policy' of Japan in addition to the 'Take Back programme').
• Post-collection activities i.e., treatments are discussed through pre-reprocessing and reprocessing steps. Dismantlers and recyclers are required to complete these activities in terms of classification of products, dismantling, identification of components for reuse and reprocessing.
• EPR is classically justified for the purpose of the treatment of the WEEE.
• A simplified regulatory functioning in the presence of Hazardous Waste Regulation in a country like India has developed that includes a few WEEE items in it. The same regulation is proposed to be configured to accommodate the broad spectrum of the WEEE items, clearly delineating that its provisions exclude handling i.e., the pre-reprocessing stage, as it does not disperse any hazardous components into the environment from the WEEE; while the reprocessing stage shall be strictly covered under the provisions of this configured regulation for its enforcement. In this context the initiative of the Environmental Management Authority of Trinidad and Tobago may be cited here. Their Draft Solid Waste Rule does not include the provisions for the hazardous wastes. Therefore, they would require own set of Rules for Hazardous Waste or could made as an Order pursuant to the draft Waste Management Rules, such as The Electronic Waste Management (Handling and Disposal) Rules that would cater both the hazardous waste as well as e-waste.
• The three-pronged advantages of this proposed policy are
• no need to introduce separate regulation that would invite extra financial burden to all concerned
• no need to introduce separate certification process for the WEEE management and, hence, ambiguity in Double Certification could be avoided
• it is free from formation of 'Double Standards'.
• Financing methods of minimising compliance cost and maximising participation, consumer education, incentives for a market-driven solution are independently discussed.
• Engineered landfill is recommended for the disposal of hazardous wastes during reprocessing of WEEE. Incineration of especially plastics may be discouraged owing to the formation of dioxins and furans.
• Efficiency Auditing rather than parallel Energy Auditing and Environmental Auditing shall be carried out for the purpose of overall performance analysis.
At present, there is a growing debate across the country on the promulgation of a separate WEEE Regulation like other 'Waste Management Rules' enacted under the provisions of the Environment (Protection) Act, 1986 as amended from time to time. Promulgation of a new regulation having a varied demographic profile in nations like India without carrying out a concerted economic analysis, is pointed out not to lead to a sustainable wisdom. Furthermore, it would interfere with the Hazardous Waste Rules in place and would affect the permit giving process. In the light of these considerations, it is pointed out that the Hazardous Waste Rules in place may be configured to accommodate the e-waste for management. In practicing the configured Hazardous Waste Rules for e-waste management, weaknesses found, if any, may be reduced/eliminated by suitable amendment of the proposed regulation as is happening in most of the Environmental Regulations in India. The method elucidating the development of the regulatory approach could serve as a model or at least a starting point for other transition countries that may not be so far ahead as India with respect to management of e-waste.
